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Description 

This invention relates to processes of manufacturing ethylene interpolymer products which have improved prop- 
erties, especially increased onset of crystallization temperature. The ethylene interpolymer products are made by a 
polymerization with two or more constrained geometry catalysts having varying reactivities. The interpolymer products 
can also be made by polymerization reactions in two or more separate, parallel reactors, with the resultant interpolymers 
intimately combined. 

Thermoplastic polymers can be classified as semi-crystalline (at least partly crystalline), highly crystalline, or wholly 
or mainly amorphous Crystalline or semi-crystalline polymers typically have a distinct melting point, as measured by 
differential scanning calorimetry (DSC). Crystalline and semi-crystalline polymers are typically melt-processed into 
fibers, films or molded articles. 

Controlling the nucleation and crystallization rates of the polymers during melt processing is important in deter- 
mining the physical properties of the finished article, various methods of controlling nucleation and crystallization have 
been attempted, usually incorporating nucleating agents (for example, inactive (physical) or active (chemical)) or com- 
pletely changing polymers. Physical nucleating agents are typically finely divided particles and have a melting and 
freezing temperature greater than that of the polymer in which the particles are utilized while the chemical nucleating 
agents are primarily combinations of acidic and basic compounds such as organic or inorganic compounds. Unfortu- 
nately, the particulate nucleating agents can also detrimentally affect the physical properties of the final product, for 
example by lowering the tensile strength of film made from the polymers. 

Copending Application WO-a-9 207 905 has solved this particulate nucleation problem by blending linear polyeth- 
ylene with other polyethylenes to cause the blend to have an increased onset of crystallization. While this process is 
effective, economic considerations can also affect the ability of polymers to be melt blended cost effectively. 

Many methods of polymerizing polymers and forming polymer blends to do specific jobs are disclosed in the liter- 
ature. For example, U.S. Patent 4,937,299 (Ewen etal.) teaches the use of a homogeneous catalyst system comprising 
at least two different mono-, di-or tricyclopentadienyls and their derivatives of a Group 4b, Sb and 6b transition metal 
each having different reactivity ratios and aluminoxane. The catalyst system is described as being homogeneous in a 
solution polymerization system and that the soluble (i.e., homogeneous) catalyst can be converted to a heterogeneous 
catalyst system by depositing it on a catalyst support. Thus, U.S. Patent 4,937,299 describes their homogeneous 
catalyst system as a soluble catalyst system. 

International Patent Application WO-A-9003414 (Stehling et al.) discloses linear ethylene interpolymer blends of 
interpolymers having narrow molecular weight distributions and narrow composition distributions. The components of 
the blends are said to have narrow molecular weight distributions (i.e., the ratio of the weight average molecular weight 
to the number average molecular weight is less than or equal to 3.0). The components are said to be prepared by 
using metallocene catalyst systems known to provide narrow composition distributions and narrow molecular weight 
distributions. The desirable molecular weight and composition distributions are said to be obtained by blending different 
components or by polymerization of the blend components in the same or multiple reactors. 

A new ethylene polymerization process has now been discovered to produce ethylene polymer products having 
many improved properties, including increased onset of crystallization temperature. 

The ethylene polymerization process comprises the steps of: 

(a) polymerizing a first homogeneous ethylene polymer using a first activated constrained geometry catalyst com- 
position having a first reactivity such that the first polymer has a melt index of from 0.05 to 50 grams/10 minutes, 

(b) polymerizing at least one second homogeneous ethylene polymer using a second activated constrained ge- 
ometry catalyst composition having a second reactivity such that the second ethylene polymer has a melt index 
of from 0.05 to 50 grams/1 0 minutes, and 

(c) combining from 50 to 95 weight percent of the first ethylene polymer with from 5 to 50 weight percent of the 
second ethylene polymer to form an ethylene polymer product. 

Preferably, the homogeneous ethylene polymers are ethylene/alpha-olefin interpolymers. 

The polymerized ethylene and interpolymerized ethylene/alpha-olefin products have increased onset of crystalli- 
zation temperature as well as improved cling and low hexane extractables when converted to film form. 

The activated constrained geometry catalyst compositions used in the interpolymerization process of the present 
invention can be made and injected separately into separate polymerization reactors, or, preferably, injected separately 
into the same polymerization reactor, or, especially, they can be injected together into the same polymerization reactor. 

Figure 1 shows a differential scanning calorimetry melting curve for a homogeneous interpolymer of the present 
invention. 

Figure 2 shows a differential scanning calorimetry melting curve for a comparative heterogeneous polymer 
The homogeneous polymers and interpolymers used in the present invention are herein defined as defined in USP 
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3,645,992, the disclosure of which is incorporated herein by reference. Accordingly, homogeneous interpolymers are 
those in which the comonomer is randomly distributed within a given interpolymer molecule and wherein substantially 
all of the interpolymer molecules have the same ethylene/comonomer ratio within that interpolymer, whereas hetero- 
geneous interpolymers are those in which the interpolymer molecules do not have the same ethylene/comonomer ratio. 

In addition, the homogeneous interpolymers of the present invention have a melting curve which resembles that 
depicted in Figure 2 (i.e. , a single melting peak), as opposed to the multiple melting peak demonstrated by a comparative 
heterogeneous polymer shown in Figure 3. 

The homogeneous polymers used to make the novel polymer products of the present invention can be ethylene 
homopolymers or, preferably, interpolymers of ethylene with at least one C3-C20 a-olefin and/or C 4 -C 18 diolefins. The 
homogeneous interpolymers of the present invention can also be interpolymers of ethylene with at least one of the 
above C 3 -C2o a-oiefins and/or diolefins. The term B interpolymer Q is used herein to indicate a copolymer, or a terpolymer, 
or the like. That is, at least one other comonomer is polymerized with ethylene to make the interpolymer. Therefore! 
in another aspect, the invention is a process for preparing an ethylene/alpha-olefin terpolymer product, comprising the 
steps of: 

(a) interpolymerizing ethylene, a first comonomer and a second comonomer to form a homogeneous terpolymer 
using a first activated constrained geometry catalyst composition having a first reactivity and a second activated 
constrained geometry catalyst composition having a second reactivity to form an ethylene/alpha-olefin terpolymer 
product, and 

(b) recovering the ethylene/alpha-olefin terpolymer product. 

Other unsaturated monomers usefully polymerized according to the present invention include, for example, eth- 
ylenically unsaturated monomers, conjugated or nonconjugated dienes, and polyenes. Preferred monomers include 
the C 2 -C 10 a-olefins especially ethylene, 1-propene, isobutylene, 1-butene, 1-hexene, 4-methyM -pentene, and 1-oc- 
tene. Other preferred monomers include styrene, halo- or alkyl substituted styrenes; tetrafluoroethylene, vinylbenzo- 
cyclobutane, 1 ,4-hexadiene, and naphthenics (for example, cyclopentene, cyclohexene and cyclooctene). 

The density of the homogeneous polymers used to make the novel interpolymer products of the present invention 
can be any density appropriate to the selected end use application, for example higher density products for higher 
modulus applications. Preferably the density is from 0.88 grams/cubic centimeter (g/cm 3 ) to 0.965 g/cm 3 . Density 
measurements are determined herein according to ASTM D-792. 

The molecular weight of the homogeneous polymers used to make the novel polymer products of the present 
invention is usually indicated and measured by melt index. The melt index is according to ASTM D-1238, Condition 
(E) (i.e., 1 90°C/2.16 kilograms) and is also known as l 2 . The l 2 of the homogeneous polymers used to make the novel 
interpolymer products of the present invention can also be convenient to the chosen end use application. 

The melt flow ratio is indicated and measured by l 10 /l 2 according to ASTM D-1238, Conditions (N) (190°C/10 
kilograms) and (E), respectively. The l 10 /l 2 of the novel polymer products of the present invention can also be conven- 
iently chosen specific to the desired end use application, but preferably is from 6 to 16. Accordingly, the l 10 /l 2 ratios of 
the specific homogeneous polymers used to make up the novel interpolymer products can be appropriately selected. 

The first process disclosed herein for producing the novel interpolymer products is also effective when using at 
least two reactors, especially when a first reactor and a second reactor are operated in series, i.e., one after the other. 
The first process is also particularly effective when both the ethylene copolymers of (a) and (b) are ethylene/alpha- 
olefin interpolymers. 

The process of the present invention comprises the steps of: 

(a) polymerizing a first homogeneous ethylene/alpha-olefin interpolymer using a first constrained geometry catalyst 
having a first reactivity such that the first interpolymer has from 5 to 30 weight percent comonomer content, a melt 
index of from 0.05 to 50 grams/10 minutes, a melting point less than 110°C, preferably from 70°C to 110°C, 

(b) polymerizing at least one second homogeneous ethylene/alpha-olefin interpolymer using a second constrained 
geometry catalyst having a second reactivity such that the second ethylene/alpha-olefin i nterpolymer has from 2 
to 1 0 weight percent comonomer content, a melt index of from 0.05 to 50 grams/1 0 minutes, a melting point greater 
than 115°C, preferably from 115°C to 130°C, and 

(c) combining from 50 to 95 weight percent of the first ethylene/alpha-olefin interpolymer with from 5 to 50 weight 
percent of the second ethylene/alpha-olefin interpolymer to form an ethylene/alpha-olefin interpolymer product. 

When the interpolymers made in steps (a) and (b) are combined, an ethylene/alphaolefin interpolymer product is 
formed having from 5 to 20 weight percent comonomer content, a melt index of from 0.5 to 50 grams/1 0 minutes, and 
an l 10 /l 2 ratio of from 6 to 12 and, preferably, an Mw/Mn of from 2 to 6, and especially from 3 to 6. More preferably, the 
first homogeneous ethylene/alpha-olefin interpolymer made in step (a) has a narrow molecular weight distribution 
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(NMWD) (i.e., 2 < My/M n < 5 with a very high comonomer content (i.e., 10 < comonomer content < 30) and relatively 
high molecular weight (i.e., 0.05 £ l 2 £ 5) and the second homogeneous ethylene/alpha-olefin interpolymer made in 
step (b) has a NMWD (i.e., 2 < M^M,, <, 5) with a low comonomer content (i.e., 2 < comonomer content < 6) and a 
molecular weight lower than that of the first interpolymer. 
5 The use of the dual reactivity constrained geometry catalysts can produce interpolymer products that satisfy a 

variety of requirements such as: 

(i) improved nucleation of polymers by adding a medium molecular weight, linear fraction, polyethylene; 

(ii) improved cling potential for stretch-cling polymers by producing an interpolymer fraction with a low molecular 
10 weight (MW) and high branch content; 

(iii) improved ultra low density polyethylene (ULDPE) by making a high MW fraction with a medium branch content 
which would improve film properties but not increase hexane extractables; 

(iv) improved optical properties (for example, clarity and haze), even for thermally formed articles made from the 
interpolymer products having higher densities; and 

75 (v) higher modulus of thermally formed articles made from the interpolymer product blends. 

The interpolymer products made by polymerizing in two separate reactors and subsequently combining melt 
streams (parallel reactors) yields composite interpolymer product blends. At least one part of the composite interpol- 
ymer product blend, preferably from about 20-80 percent of the blend, has a melting point less than about 115°C, while 
20 at least another part of the blend has a melting point greater than about 120°C. 

Constrained geometry catalyst preparation is described in detail in EP-A-0 416 815 

Suitable catalysts for use herein preferably include constrained geometry catalysts as disclosed in EP-A-0 416 
81 5. The monocyclopentadienyl transition metal olefin polymerization catalysts taught in USP 5,026,798, the teachings 
of which are incorporated herein by reference, are also suitable for use in preparing the polymers of the present in- 
25 vention. 

The foregoing catalysts may be generally further described as comprising a metal coordination complex comprising 
a metal of groups 3-10 or the Lanthanide series of the Periodic Table of the Elements, preferably a metal of groups 
3-6, and especially a metal of groups 4 and 5, and a delocalized n-bonded moiety substituted with a constrain-inducing 
moiety, said-complex having a constrained geometry about the metal atom such that the angle at the metal between 

30 the centroid of the delocalized, substituted n-bonded moiety and the center of at least one remaining substituent is 
less than such angle in a similar complex containing a similar n-bonded moiety lacking in such constrain-inducing 
substituent, and provided further that for such complexes comprising more than one delocalized, substituted n-bonded 
moiety, only one thereof for each metal atom of the complex is a cyclic, delocalized, substituted n-bonded moiety The 
catalyst further comprises an activating cocatalyst. 

35 Preferred catalyst complexes correspond to the formula: 

/ z — 1 

Cp° M t 



40 



\ 



wherein : 



45 M is a metal of group 3-10, or the Lanthanide series of the Periodic Table of the Elements; 

Cp* is a cyclopentadienyl or substituted cyclopentadienyl group bound in an rr 5 bonding mode to M; 
Z is a moiety comprising boron, or a member of group 14 of the Periodic Table of the Elements, and optionally 
sulfur or oxygen, said moiety having up to 20 non-hydrogen atoms, and optionally Cp* and Z together form a fused 
ring system; 

50 x independently each occurrence is an anionic ligand group or neutral Lewis base ligand group having up to 30 

non-hydrogen atoms; 

n is 0, 1 , 2, 3, or 4 and is 2 less than the valence of M; and 

Y is an anionic or nonanionic ligand group bonded to Z and M comprising nitrogen, phosphorus, oxygen or sulfur 
and having up to 20 non-hydrogen atoms, optionally and Z together form a fused ring system. 



55 



More preferably still, such complexes correspond to the formula: 



4 
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5 




10 

wherein R' each occurrence is independently selected from the group consisting of hydrogen, alkyl, aryl, silyl, 
germyl, cyano, halo and combinations thereof having up to 20 non-hydrogen atoms; 

X each occurrence independently is selected from the group consisting of hydride, halo, alkyl, aryl, silyl, germyl, 
aryloxy, alkoxy, amide, siloxy, neutral Lewis base ligands and combinations thereof having up to 20 non-hydrogen 
is atoms; 

Y is -O-, -S-, -NR*-, -PR*-, or a neutral two electron donor ligand selected from the group consisting of OR*, SR*. 
NR* 2 , or PR* 2 ; 

M is a previously defined; and 

Z is SiR* 2 , CR* 2 , SiR* 2 SiR* 2 , CR* 2 CR* 2 CR* = CR*. CR* 2 SiR* 2 , GeR . 2t BR . BR . 2 ; wherein : 
20 R* each occurrence is independently selected from the group consisting of hydrogen, alkyl, aryl, silyl, halogenated 

alkyl, halogenated aryl groups having up to 20 non-hydrogen atoms, and mixtures thereof, or two or more R* 
groups from Y, Z, of both Y and Z form a fused ring system; and 
n is 1 or 2. 

25 it should be noted that whereas formula I and the following formulas indicate a cyclic structure for the catalysts, 

when Y is a neutral two electron donor ligand, the bond between M and Y is more accurately referred to as a coordinate- 
covalent bond. Also, it should be noted that the complex may exist as a dimer or higher oligomer. 

Further preferably, at least one of R\ Z, or R* is an electron donating moiety. Thus, highly preferably Y is a nitrogen 
or phosphorus containing group corresponding to the formula -N(R")- or -P(R")-, wherein R" is C^q alkyl or aryl, i.e., 
30 an amido or phosphido group. 

Most highly preferred complex compounds are amidosilane- or amidoalkanediyl-compounds corresponding to the 
formula: 



35 



40 




M is titanium, zirconium or hafnium, bound in an t| 5 bonding mode to the cyclopentadienyl group; 
R* each occurrence is independently selected from the group consisting of hydrogen, silyl, alkyl, aryl and combi- 
45 nations thereof having up to 10 carbon or silicon atoms; 

E is silicon or carbon; 

X independently each occurrence is hydride, halo, alkyl, aryl, aryloxy or alkoxy of up to 10 carbons; 
m is 1 or 2; and 
n is 1 or 2. 

50 

Examples of the above most highly preferred metal coordination compounds include compounds wherein the R' 
on the amido group is methyl, ethyl, propyl, butyl, pentyl, hexyl, (including isomers), norbornyl, benzyl, and phenyl; the 
cyclopentadienyl group is cyclopentadienyl, indenyl, tetrahydroindenyl, fluorenyl, and octahydrofluoreny; R l on the 
foregoing cyclopentadienyl groups each occurrence is hydrogen, methyl, ethyl, propyl, butyl, pentyl, hexyl, (including 
55 isomers), norbornyl, benzyl, and phenyl; and X is chloro, bromo, iodo, methyl, ethyl, propyl, butyl, pentyl, hexyl, (in- 
cluding isomers), norbornyl, benzyl, and phenyl Specific compounds include: (tert-butylamido)(tetramethyl-'q 5 -cy- 
clopentadienyl)- 1 ,2-ethanediylzirconium dichloride, (tert-butyIamido)(tetramethyl-Ti5-cyclopentadienyl)-1 ,2-ethanedi- 
yltitanium dichloride, (methylamido)(tetramethyl-ti 5 -cyclopentadienyl)-1 ,2-ethanediylzirconium dichloride, (methylami- 
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do)(tetramethyl-Ti 5 -cydopentadienyl)-l,2-ethanGdiyltitanium dichloride, (ethy!amido)(tetramethyl-Ti 5 -cydopentadienyl) 
methylenetitanium dichloro, (tert-butylamido)dibenzyl(tetramethyl-Ti5-cydopentadienyl)silanezirconium dibenzyl, (ben- 
zylamidojdi methyl(tetramethyl-Ti 5 -cydopentadienyl)silanetitanium dichloride, (pheny (phosphido)dim ethyl (tetramethyl- 
T]5-cyclopentadienyl)silanezirconium dibenzyl, and (tert-butylamido)dimethyl(tetramethyl-T| 5 -cydopentadienyl)silaneti- 
tanium dimethyl. 

The complexes may be prepared by contacting a derivative of a metal, M, and a group I metal derivative or Grignard 
derivative of the cyclopentadienyl compound in a solvent and separating the salt byproduct. Suitable solvents for use 
in preparing the metal complexes are aliphatic or aromatic liquids such as cyclohexane, methyicyclohexane, pentane, 
hexane, heptane, tetrahydrofuran, diethyl ether, benzene, toluene, xylene, ethylbenzene, or mixtures thereof. 

In a preferred embodiment, the metal compound is MXn +1 , that is M is in a lower oxidation state than in the corre- 
sponding compound, MX n + 2 and the oxidation state of M in the desired final complex. A noni nterferi ng oxidizing agent 
may thereafter be employed to raise the oxidation state of the metal. The oxidation is accomplished merely by contacting 
the reactants utilizing solvents and reaction conditions used in the preparation of the complex itself. By the term "non- 
interfering oxidizing agent" is meant a compound having an oxidation potential sufficient to raise the metal oxidation 
state without interfering with the desired complex formation or subsequent polymerization processes. A particularly 
suitable noninterfering oxidizing agent is AgCI or an organic halide such as methylene chloride. The foregoing tech- 
niques are disclosed in EP-A-0 416 815. 

Suitable cocatalysts for use herein include polymeric or oligomeric aluminoxanes, especially methyl aluminoxane, 
as well as inert, compatible, noncoordinating, ion forming compounds. Preferred catalyst compositions are formed 
using cocatalysts which are inert, noncoordinating, boron compounds. 

Ionic active catalyst species which can be used to polymerize the polymers described herein correspond to the 
formula: 




wherein: 

M is a metal of group 3-10, or the Lanthanide series of the Periodic Table of the Elements; 

Cp* is a cyclopentadienyl or substituted cyclopentadienyl group bound in an y\ s bonding mode to M; 

Z is a moiety comprising boron, or a member of group 14 of the Periodic Table of the Elements, and optionally 

sulfur or oxygen, said moiety having up to 20 non-hydrogen atoms, and optionally Cp* and Z together form a fused 

ring system; 

X independently each occurrence is an anionic ligand group or neutral Lewis base ligand group having up to 30 
non-hydrogen atoms; 

n is 0, 1,2, 3, or 4 and is 2 less than the valence of M; and 
A- is a noncoordinating, compatible anion. 

One method of making the ionic catalyst species which can be utilized to make the polymers of the present invention 
involve combining: 

a) at least one first component which is a mono(cyclopentadienyl) derivative of a metal of Group 3-10 or the Lan- 
thanide Series of the Periodic Table of the Elements containing at least one substituent which will combine with 
the cation of a second component (described hereinafter) which first component is capable of forming a cation 
formally having a coordination number that is one less than its valence, and. 

b) at least one second component which is a salt of a Bronsted acid and a noncoordinating, compatible anion. 

More particularly the noncoordinating, compatible anion of the Bronsted acid salt may comprise a single coordi- 
nation complex comprising a charge-bearing metal or metalloid core, which anion is both bulky and non-nucleophilic. 
The recitation "metalloid", as used herein, includes non-metals such as boron and phosphorus which exhibit semi- 
metallic characteristics. 

Illustrative, but not limiting examples of monocyclopentadienyl metal components (first components) which may 
be used in the preparation of cationic complexes are derivatives of titanium, zirconium, vanadium, hafnium, chromium, 
and lanthanum. Preferred components are titanium or zirconium compounds. Examples of suitable monocyclopenta- 
dienyl metal compounds are hydrocarbyl-substituted monocyclopentadienyl metal compounds such as (tert-butylami- 
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do)(tetramethyl-ii 5 -cyclopentadienyl)-1 l 2-ethanediylzirconium dimethyl, (tert-butylamido)(tetramethyl-Ti 5 -cyclopenta- 
dienyl)-1,2-ethanediyltitanium dimethyl, (methylamido)(tetramethyl-ri 5 -cydopentadienyl)-1,2-ethanediyl2irconium 
dibenzyl, (methylamido)(tetramethyl--n 5 -cyclopentadienyl)-1 ,2-ethanediyititanium dimethyl, (ethylamido)(tetramethyl- 
Tl 5 -cydopentadienyl)methylene-titanium di methyl, (tert-butylamido)di benzyl(tetramethyl-T| 5 -cyclopentadienyl)silan- 

s ezirconium dibenzyl, (benzylamido)dimethyl(tetramethyl-Ti 5 -cydopentanienyl)silanetitanium diphenyl, and (phenyl- 
phosphido)dimethyl(tetramethyl-T| 5 -cydopentadienyl)silanezirconium dibenzyl. 

Such components are readily prepared by combining the corresponding metal chloride with a dilithium salt of the 
substituted cyclopentadienyl group such as a cyclopentadienyl-alkanediyl-amide, or cyclopentadienyl-silane amide 
compound. The reaction is conducted in an inert liquid such as tetrahydrofuran, C^q alkanes, and toluene utilizing 

10 conventional synthetic procedures. Additionally, the first components may be prepared by reaction of a group II deriv- 
ative of the cyclopentadienyl compound in a solvent and separating the salt by-product. Magnesium derivatives of the 
cyclopentadienyl compounds are preferred. The reaction may be conducted in an inert solvent such as cyclohexane, 
pentane, tetrahydrofuran, diethyl ether, benzene, toluene, or mixture thereof. The resulting metal cyclopentadienyl 
halide complexes may be alkylated using a variety of techniques. Generally, the metal cyclopentadienyl alkyl or aryl 

15 complexes may be prepared by alkylation of the metal cyclopentadienyl halide complexes with alkyl or aryl derivatives 
of group I or group II metals. Preferred alkylating agents are alkyl lithium and Grignard derivatives using conventional 
synthetic techniques. The reaction may be conducted in an inert solvent such as cyclohexane, pentane, tetrahydro- 
furan, diethyl ether, benzene, toluene, or mixtures of the like. A preferred solvent is a mixture of toluene and tetrahy- 
drofuran. 

20 Compounds useful as a second component in the preparation of the ionic catalysts useful in this invention will 

comprise a cation, which is a Bronsted acid capable of donating a proton, and a compatible noncoordi nati ng anion. 
Preferred anions are those containing a single coordination complex comprising a charge-bearing metal or metalloid 
core which anion is relatively large (bulky), capable of stabilizing the active catalyst species (the Group 3-10 or Lan- 
thanide Series cation) which is formed when the two components are combined and sufficiently labile to be displaced 

25 by olefinic, diolefinic and acetylenically unsaturated substrates or other neutral Lewis bases such as ethers, and nitriles 
Suitable metals, then, include, but are not limited to, aluminum, gold, and platinum. Suitable metalloids include, but 
are not limited to, boron, phosphorus, and silicon. Compounds containing anions which comprise coordination com- 
plexes containing a single metal or metalloid atom are, of course, well known and many, particularly such compounds 
containing a single boron atom in the anion portion, are available commercially. In light of this, salts containing anions 

30 comprising a coordination complex containing a single boron atom are preferred. 

Highly preferably, the second component useful in the preparation of the catalysts of this invention may be repre- 
sented by the following general formula: 

(L-H) + [A]' 

55 wherein: 

L is a neutral Lewis base; 

(L-H) 4 is a Bronsted acid; and 

[A]- is a compatible, noncoordinating anion. 

40 

More preferably [A]- corresponds to the formula: 

[M'Q q ]' 

wherein: 

45 

M' is a metal or metalloid selected from Groups 5-15 of the Periodic Table of the Elements; and 
Q independently each occurrence is selected from the Group consisting of hydride, dialkylamido, halide, alkoxide, 
aryioxide, hydrocarbyl, and substituted-hydrocarbyl radicals of up to 20 carbons with the proviso that in not more 
than one occurrence is Q halide and 
so q is one more than the valence of M\ 

Second components comprising boron which are particularly useful in the preparation of catalysts of this invention 
may be represented by the following general formula: 

55 [L-Hf [BQ 4 f 

wherein: 

L is a neutral Lewis base; 
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[L-H] + is a Bronsted acid; 

B is boron in a valence state of 3; and 

Q is as previously defined. 

Illustrative, but not limiting, examples of boron compounds which may be used as a second component in the 
preparation of the improved catalysts of this invention are trialkylsubstituted ammonium salts such as triethylammonium 
tetraphenylborate, tri propyl am moni u m tetraphenylborate, tris(n-butyl)ammonium tetraphenyl borate, trimethylam- 
monium tetrakis(p-toly I) borate, tributylammonium tetrakis(pentafluorophenyl)borate, tri propylammonium tetrakis 
(2,4-dimethylphenyl)borate, tributylammonium tetrakis(3 ( 5-dimethylphenyl)borate, and triethylammonium tetrakis 
(3,5-ditrifluoromethylphenyl)borate. Also suitable are N,N-dialkylanilinium salts such as N,N-di methylanilinium tetra- 
phenyl borate, N.N-diethylanilinium tetraphenylborate, and N,N-2,4,6-pentamethylanilinium tetraphenylborate; dialky- 
lammonium salts such as di-(i-propyl)ammonium tetrakis(pentafl uorophenyl)borate, dicyclohexylammonium tetraphe- 
nylborate and the like; and triaryl phosphonium salts such as triphenylphosphonium tetraphenyl borate, tris(methyl- 
phenyl)phosphonium tetrakis (pentaf I uorophenyl)borate, and tris(di methyl phenyl)phosphonium tetraphenylborate. 

Preferred ionic catalysts are those having a limiting charge separated structure corresponding to the formula: 

\ 

<X>n-1 

wherein: 

M is a metal of group 3-10, or the Lanthanide series of the Periodic Table of the Elements; 

Cp* is a cyclopentadienyl or substituted cyclopentadienyl group bound in an t|5 bonding mode to M; 

Z is a moiety comprising boron, or a member of group 14 of the Periodic Table of the Elements, and optionally 

sulfur or oxygen, said moiety having up to 20 non-hydrogen atoms, and optionally Cp* and Z together form a fused 

ring system; 

X independently each occurrence is an anionic ligand group or neutral Lewis base ligand group having up to 30 
non -hydrogen atoms; 

n is 0, 1 , 2, 3, or 4 and is 2 less than the valence of M; and 
XA*-is-XB(C 6 F 5 ) 3 . 

This class of cationic complexes may be conveniently prepared by contacting a metal compound corresponding 
to the formula: " ' ^ 

\ 

(X) n 

wherein: 

Cp*, M, and n are as previously defined, 

with tris(pentafluorophenyl)borane cocatalyst under conditions to cause abstraction of X and formation of the 
anion -XB(C 6 F 5 ) 3 . 

Preferably X in the foregoing ionic catalyst is C r C 10 hydrocarbyl, most preferably methyl. 

The preceding formula is referred to as the limiting, charge separated structure. However, it is to be understood 
that, particularly in solid form, the catalyst may not be fully charge separated. That is, the X group may retain a partial 
covalent bond to the metal atom, M. Thus, the catalysts may be alternately depicted as possessing the formula: 
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/ 2 -? 

\ 

(*>n-1 

The catalysts are preferably prepared by contacting the derivative of a Group 4 or Lanthanide metal with the tris 
(pentafluorophenyl)borane in an inert diluent such as an organic liquid. Tris(pentafluorphenyl)borane is a commonly 
available Lewis acid that may be readly prepared according to known techniques. The compound is disclosed in Marks 
et al. J. Am. Chem. Soc. 1991, 113, 3623-3625 for use in alkyl abstraction of zirconocenes. 

All reference to the Periodic Table of the Elements herein shall refer to the Periodic Table of the Elements, published 
and copyrighted by CRC Press, Inc., 1 989. Also, any reference to a Group or Groups shall be to the Group or Groups 
as reflected In this Periodic Table of the Elements using the IUPAC system for numbering groups. 

It is believed that in the constrained geometry catalysts used herein the metal atom is forced to greater exposure 
of the active metal site because one or more substituents on the single cyclopentadienyl or substituted cyclopentadienyl 
group forms a portion of a ring structure including the metal atom, wherein the metal is both bonded to an adjacent 
covalent moiety and held in association with the cyclopentadienyl group through an r\ s or other n-bonding interaction. 
It is understood that each respective bond between the metal atom and the constituent atoms of the cyclopentadienyl 
or substituted cyclopentadienyl group need not be equivalent. That is, the metal may be symmetrically or unsymmet- 
rically n-bound to the cyclopentadienyl or substituted cyclopentadienyl group. 

The geometry of the active metal site is further defined as follows. The centroid of the cyclopentadienyl or substi- 
tuted cyclopentadienyl group may be defined as the average of the respective X, Y, and Z coordinates of the atomic 
centers forming the cyclopentadienyl or substituted cyclopentadienyl group. The angle, 0, formed at the metal center 
between the centroid of the cyclopentadienyl or substituted cyclopentadienyl group and each other ligand of the metal 
complex may be easily calculated by standard techniques of single crystal X-ray diffraction. Each of these angles may 
increase or decrease depending on the molecular structure of the constrained geometry metal complex. Those com- 
plexes wherein one or more of the angles, 0, is less than in a similar, comparative complex differing only in the fact 
that the constrain-inducing substituent is replaced by hydrogen have constrained geometry for purposes of the present 
invention. Preferably one or more of the above angles, 0, decrease by at least 5 percent, more preferably 7.5 percent, 
compared to the comparative complex. 

Preferably, monocyclopentadienyl metal coordination complexes of groups 3, 4, 5 or lanthanide metals according 
to the present invention have constrained geometry such that the angle, 0, between the centroid of the Cp* group and 
the Y substituent is less than 115°, more preferably less than 110°, most preferably less than 105°, and especially less 
than 100°. 

Other compounds which are useful in the catalyst compositions of this invention, especially compounds containing 
other Group 4 or Lanthanide metals, will, of course, be apparent to those skilled in the art. 

It is important that the specific constrained geometry catalysts chosen for polymerizing the ethylene polymers or 
ethylene/alpha-olefin interpolymers be of differing reactivities. The differing reactivities can be achieved by using the 
same constrained geometry catalyst composition, and polymerizing at different reactor temperatures, or, preferably, 
by using two distinctly different catalysts which have different reactivity. For example, when the active metal site is 
selected from the group consisting of Ti, V, Hf and Zr, the reactivity of the active metal site will be in that order: Ti is 
more reactive than V, which in turn is more reactive than Hf, which in turn is more reactive than Zr. Accordingly, the 
polymer density will also increase in that same order, with a polymer made using a constrained geometry catalyst 
containing Zr having a higher density than a polymer made using a constrained geometry catalyst containing Ti. Ob- 
viously, other combinations of metal atoms are possible, such as combining Ti with Hf, or combining V with Zr. The 
instant invention is not limited to any particular combination of constrained geometry catalysts, with the stipulation that 
the selected constrained geometry catalysts have differing reactivities. 

In general, the polymerization according to the present invention may be accomplished at conditions well known 
in the prior art for Ziegler-Natta or Kaminsky-F : - *pe polymerization reactions, that is, temperatures from 0 to 250°C 
and pressures from atmospheric to 1000 atmospheres (100 MPa). Suspension, solution, slurry, gas phase or other 
process conditions may be employed if desired. A support may be employed but preferably the catalysts are used in 
a homogeneous manner. It will, of course, be appreciated that the active catalyst system, especially nonionic catalysts, 
form in situ if the catalyst and the cocatalyst components thereof are added directly to the polymerization process and 
a suitable solvent or diluent, including condensed monomer, is used in said polymerization process. It is, however, 
preferred to form the active catalyst in a separate step in a suitable solvent prior to adding the same to the polymerization 
mixture. 

The polymerization conditions for manufacturing the polymers of the present invention are generally those useful 
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in the solution polymerization process, although the application of the present invention is not limited thereto. Gas 
phase polymerization processes are also believed to be useful, provided the proper catalysts and polymerization con- 
ditions are employed. 

Additives, such as antioxidants, slip agents, anti-block agents, pigments (for example, titanium dioxide), wetting 
agents (as disclosed, for example, in USP 4,578,414, and in USP 4,835,194) may be incorporated into the homoge- 
neous polymers used to make the novel interpolymer products of the present invention to the extent that they do not 
interfere with the crystallization kinetic improvements demonstrated herein. 

Fabricated (for example, thermally formed) articles can be advantageously made from these novel interpolymer 
products. These articles include films (for example, blown films, cast films, or extrusion coated films), molded articles 
(for example, injection molded, blow molded, or roto molded articles), and fibers (for example, melt blown, spunbond, 
or staple fibers and fabrics made from these fibers). Skilled artisans in the processability of conventional thermoplastics 
can readily form a variety of fabricated articles from these interpolymer products. In particular, the increased onset of 
crystallization temperature of these novel interpolymer products has utility in making fabricated articles which are rapidly 
cooled, for example, blown film (control of the freeze line) or melt spun fibers (where the high surface area of the fibers 
and the limited quench air capabilities are often in conflict). 

The whole interpolymer product samples and the individual interpolymers samples are analyzed by gel permeation 
chromatography (GPC) on a Waters 150C high temperature chromatographic unit equipped with three mixed porosity 
columns (Polymer Laboratories lO^IO 4 , 10 5 , and 10 6 ), operating at a system temperature of 140°C. The solvent is 
1,2,4-trichlorobenzene, from which 0.3% percent by weight solutions of the samples are prepared for injection. The 
flow rate is 1 .0 milliliter/minute and the injection size is 200 microliters. 

The molecular weight determination is deduced by using narrow molecular weight distribution polystyrene stand- 
ards (from Polymer Laboratories) in conjunction with their elution volumes. The equivalent polyethylene molecular 
weights are determined by using appropriate Mark-Houwink coefficients for polyethylene and polystyrene (as described 
by Williams and Word in Journal of Polymer Science, Polymer Letters, vol. 6, (621) 1968) to derive the equation: 

M polyethylene = a *( M polystyrene) 

In this equation, a = 0.4316 and b = 1 .0. Weight average molecular weight, fv^, is calculated in the usual manner 
according to the formula: 

M w = RWj*Mj 

where Wj and Mj and are the weight fraction and molecular weight respectively of the ith fraction eluting from the 
GPC column. 

The crystallization onset temperatures of the blend components (i.e., the homogeneous polymers and interpoly- 
mers) and of the polymer and interpolymer products of the present invention are measured using differential scanning 
calorimetry (DSC). Each sample to be tested is made into a compression molded test plaque according to ASTM D 
1928. The plaques are then microtomed at room temperature using a Reichert Microtome or razor blade to obtain 
samples having a thickness of about 15 jim (microns). About 5 milligrams of each sample 5 to be tested is placed in 
the DSC pan and heated to about 180°C, held at that temperature for 3 minutes to destroy prior heat history, cooled 
to -50°C at a rate of 10°C/minute and held at that temperature for 2 minutes. The crystallization onset temperature 
and the peak temperature are recorded by the DSC as the temperature at which crystallization begins and the tem- 
perature at which the sample is as fully crystallized as possible, respectively, during the cooling period from 180°C to 
-50°C. The sample is then heated again from -50°C to 140°C at a rate of 10°C/minute to record the heat of fusion and 
calculate total percent crystallinrty. For polyethylene, the percentage crystallinity is obtained using the latent heat of 
fusion equal to 292 Joules/gram for 100 percent crystalline linear polyethylene. 

Preparation of (t-Butylamido)dimethyl(tetramethyl-Ti 5 -cydopentadienyl)silanetitanium dich bride 

Step 1 

(Chloro)(di methyl)(tetramethylcyclopentadi-2,4-enyl)silane 

To a solution of 21.5 g (167 mmol) dimethyldichlorosilane in 150 mL THF cooled to -40°C was slowly added a 
solution of 8.00 g (55.6 mmol) sodium 1,2,3,4-tetramethylcyclopentadienide in 80 mL THF The reaction mixture was 
allowed to warm to room temperature and was stirred overnight. The solvent was removed, the residue was extracted 
with pentane and filtered. The pentane was removed under reduced pressure to give the product as a light-yellow oil. 
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Step 2 

(t-Butylamino)(dimethyl)(tetramethylcyclopentadj-2 ( xenyl)siIane 

A solution of 11 .07 g (151 mmol) t -butyl amine in 20 mL THF was added during 5 minutes to a solution of 1 3.00 g 
(60.5 mmol) (chloro)(dimethyl)(tetramethylcyclopentadienyl)silane in 300 mL THF. A precipitate formed immediately. 
The slurry was stirred for 3 days, then the solvent was removed, the residue was extracted with pentane and filtered. 
The pentane was removed under reduced pressure to give the product as a light-yellow oil. 

Step 3 

Dilithium (tert-butylamido)(dimethyl)(tetramethylcydo-pentadienyl)silane 

To a solution of 3.000 g(11 .98 mmol) (t-Butylamino)(dimethyl)(tetramethylcyclopentadienyl)-silane in 100 mL ether 
was slowly added 9.21 mL of 2.6 M (23.95 mmol) butyl lithium in mixed C 6 alkane solvent. A white precipitate formed 
and the reaction mixture was stirred overnight, then filtered. The solid was washed several times with ether then dried 
under reduced pressure to give the product as a white powder. 

Step 4 

(t-Butylamido)dimethyl(tetramethyl-r| 5 -cyclopentadienyl)silane titanium dichloride 

0.721 g (3.80 mmol) Of TiCI 4 was added to 30 mL frozen (-196°C) THF. The mixture was allowed to warm to -78°C 
(dry ice bath). To the resulting yellow solution was slowly added 5 a solution of 1.000 g (3.80 mmol) dilithium (t-buty- 
lamido)(dimethyl)tetramethylcyclopentadienyl)silane in 30 mL THF. The solution was allowed to warm to room tem- 
perature while stirring overnight. The solvent was removed from the resulting very dark solution. The residue was 
extracted with pentane and filtered. Cooling in a freezer caused the separation of a very soluble dark reddish-brown 
material from a light yellow-green crystalline solid. The solid was filtered out and recrystallized from pentane to give 
the olive-green catalyst complex product. 

Methylaluminoxane (obtained commercially from Schering AG and designated herein as MAO) 10 percent by 
weight in toluene, is used in the examples described herein as a cocatalyst together with the catalyst complex to form 
the activated Ti stock solution catalyst mixture. (Other MAO preparations are disclosed, for example, in USP 5,041 ,583, 
USP 5,041 ,584 and USP 5,041 ,585, the disclosures of which are incorporated herein by reference.) The catalyst com- 
position mixture is mixed for a few minutes and transferred by syringe to a catalyst injection cylinder on the polymeri- 
zation reactor. 

The compositions described in Table 2 are prepared with the same Ti stock solution and varying amounts of MAO 
solution and isoparaffinic solvent. Table 3 shows examples of a zirconium catalyst prepared in a similar manner from 
an equivalent complex ([Zr] = 0.005 M) and the same MAO stock solution. 

A stirred, one-gallon (3.79L) autoclave reactor is charged with two liters of an isoparaffinic hydrocarbon (Isopar™ 
E made by Exxon) and the alpha-olefin comonomer before heating to the temperature specified in Table 1. Hydrogen 
(10 mmol) is then added to the reactor, followed by ethylene sufficient to bring the total pressure to 450 pounds per 
square inch gauge (psig) (3204 kPa). An amount of the selected mixed constrained geometry activated catalyst mixture, 
as described under the catalyst complex preparation section herein, is injected into the reactor. The reactor temperature 
and pressure are maintained constant at the desired final pressure and temperature by continually feeding ethylene 
during the polymerization run and cooling the reactor as necessary. After a 10 minute reaction time, the ethylene is 
shut off and the hot solution transferred into a nitrogen-purged resin kettle. After drying, the samples are then weighed 
to determine catalyst efficiencies followed by melt index (ASTM D-1238, condition 190°C/2.16 kg) and density (ASTM 
D-792) measurements. The polymerization reaction conditions specified in Table 1 are used for both sets of homoge- 
neous copolymers listed in Tables 2 and 3. 



Table 1 



Polymerization conditions for single catalyst runs 


Ex. 


ReactorTemp. (°C) 


Octene (moles) 


Hydrogen (mmol) 


AI:M* Ratio 


1 & 1A 


150 


2.5 


10 


500 


2&2A 


150 


2.5 


10 


500 



*M = selected metal atom (e.g., Ti or Zr) 
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Table 1 (continued) 



Polymerization conditions for single catalyst runs 


Ex. 


ReactorTemp. (°C) 


Octene (moles) 


Hydrogen (mmol) 


AI:M* Ratio 


3&3A 


130 


1 


10 


500 


4&4A 


130 


1 


10 


250 


5&5A 


130 


1 


10 


100 



*M = selected metal atom (e.g., Ti or Zr) 



Properties of some of the homogeneous copolymers made by using only a titanium based constrained geometry 
catalyst are listed in Table 2, while properties of the homogeneous copolymers made by using only a zirconium based 
constrained geometry catalyst are listed in Table 3. Even though the comonomer 1 -octene is added to each separate 
1S reaction, very little of the 1 -octene is incorporated into the copolymer when the catalyst is a zirconium catalyst (indicated 
by higher i nterpolymer density), due to the lower reactivity of the zirconium catalyst. The copolymers made using the 
titanium based constrained geometry catalyst have lower densities, indicating higher incorporation of 1 -octene and 
higher reactivity of the titanium catalyst. 



Table 2 



Copolymer properties using titanium constrained geometry catalyst 


Ex. 


Titanium (mmol) 


Density (g/m 3 ) 


l 2 (g/10min) 


Melt Point (°C) 


M w 


M n 


Mw/Mn 


1 


0.02 


0.9130 


13.6 


94.7 


51000 


14000 


3.64 


2 


0.02 


0.9121 


10.1 


95.9 


53700 


14700 


3.65 


3 


0.02 


0.9198 


0.18 


108.8 


105000 


23200 


4.53 


4 


0.02 


0.9197 


0.15 


109.8 


136000 


29400 


4.63 


5 


0.02 


0.9153 


0.15 


104.9 


146000 


26300 


5.55 



Table 3 





Copolymer properties using zirconium constrained geometry catalyst 


Ex. 


Zirconium (mmol) 


Density (g/cm 3 ) 


Melt Index (g/10 
min) 


Melt Point 
(°C) 


M w 




Mw/M n 


1A 


0.020 


0.9468 


98.9 


123.9 


39800 


7470 


5.33 


2A 


NM 


NM 


NM 


NM 


NM 


NM 


NM 


3A 


0.005 


0.9556 


20.6 


128.7 


62200 


14000 


4.44 


4A 


0.010 


0.9533 


12.2 


128.4 


60100 


16800 


3.58 


5A 


0.020 


0.9519 


11.5 


128.6 


56900 


17100 


3.33 


NM = Not Measured 







The constrained geometry catalysts can be used to polymerize the interpolymer products used in the present 
invention in multiple reactor configurations as well. For example, one constrained geometry catalyst can be injected 
into one reactor and another constrained geometry catalyst having a different reactivity injected into another reactor. 
so Or, the same constrained geometry catayst can be injected into more than one reactor and the reactors operated at 
differing temperatures to effect differing catalyst reactivities. 

Such multiple reactor schemes are well known to those skilled in the art of ethylene interpolymerization. For ex- 
ample, series and parallel dual reactor polymerizations are disclosed in USP 3,914,342. 

A stirred, one-gallon (3.79L) autoclave reactor is charged with two liters of an isoparrafinic hydrocarbon (for ex- 
55 ample, Isopar® E made by Exxon) and the selected alpha-olefin comonomer before heating to the temperature spec- 
ified in Table 4. Hydrogen (10 mmol) is then added to the reactor, followed by ethylene sufficient to bring the total 
pressure to 450 pounds per square inch gauge (psig) (3204 kPa). An amount of the mixed constrained geometry 
activated catalyst mixture (as described under catalyst activation) is injected into the reactor. The reactor temperature 
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and pressure are maintained constant at the desired final pressure and temperature by continually feeding ethylen 
during the polymerization run and cooling the reactor as necessary. After a 10 minute reaction time, the ethylene is 
shut off and the hot solution transferred into a nitrogen-purged resin kettle. After drying, the samples are then weighed 
to determine catalyst efficiencies followed by melt index and density measurements. 

Examples 6-12 are examples of ethylene/1 -octene polymerizations performed in a single reactor, using a single 
injection of an activated mixture of constrained geometry catalysts (titanium and zirconium) at a methyialuminoxane 
(MAO):total catalyst metal ratio of 500: 1 and are described in Table 4. Surprisingly, compression molded films made 
from the novel interpofymer product of Example 10 had a specular transmission (i.e., clarity) (ASTM D 1746) of about 
4, while for compression molded films made from the novel interpolymer product of Examples 11 and 12, the specular 
transmission was less than about 1. The higher reactor polymerization temperature used to make the interpolymer 
product of Example 1 0 (1 60°C) therefore improves the specular transmission of film made therefrom, especially when 
compared withe film made from interpolymer products polymerized at temperatures lower than about 160°C. 

Example 13 is a comparative example using only a single constrained geometry catafyst(MAO:Ti ratio of 500:1) 
at a single reaction temperature (110°C). 

Example 14 illustrates the use of a single activated constrained geometry (Titanium at MAO:Ti ratio of 500: 1) 
catalyst at two different reactor temperatures (110°C and 150°C). 

Examples 15-1 9 show ethylene/1 -octene interpolymerizations using mixed constrained geometry catalysts (71 and 
Zr) at MAO.Iotal metal concentrations of 350: 1 . 

Examples 20-22 show data relating to interpolymerizations of ethylene with tetradecene, octadecene and cy- 
clooctene, respectively. For Examples 20 and 21, the MAO:total metal concentration is 500:1 while for Example 22 the 
MAO: total metal concentraion is 750:1. 

Examples 23-25 describe ethylene/1-propene/1 -octene terpolymer interpolymerizations, each using a single in- 
jection of a mixture of two constrained geometry catalysts (titanium and zirconium), each using methyialuminoxane as 
a cocatalyst to form the activated catalyst mixture. 
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19:1 
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40 
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Claims 

1. A process for preparing an ethylene polymer product, comprising the steps of: 

(a) polymerizing a first homogeneous ethylene polymer using a first activated constrained geometry catalyst 
composition having a first reactivity such that the first polymer has a melt index of from 0.05 to 50 grams/10 
minutes, 

(b) polymerizing at least one second homogeneous ethylene polymer using a second activated constrained 
geometry catalyst composition having a second reactivity differing from the first reactivity such that the second 
ethylene polymer has a melt index of from 0.05 to 50 grams/10 minutes, and 

(c) combining from 50 to 95 weight percent of the first ethylene polymer with from 5 to 50 weight percent of 
the second ethylene polymer to form an ethylene polymer product. 

2. A process for preparing an ethylene/alpha-olefin interpolymer product, comprising the steps of: 

(a) polymerizing a first homogeneous ethylene/alpha-olefin interpolymer using a first activated constrained 
geometry catalyst composition having a first reactivity such that the first interpolymer has from 5 to 30 weight 
percent comonomer content, a melt index of from 0.05 to 50 grams/1 0 minutes, a melting point less than 11 0°C, 

(b) polymerizing at least one second homogeneous ethylene/alpha-olefin interpolymer using a second acti- 
vated constrained geometry catalyst composition having a second reactivity differing from the first reactivity 
such that the second ethylene/alpha-olefin interpolymer has from 2 to 10 weight percent comonomer content, 
a melt index of from 0.05 to 50 grams/10 minutes, a melting point greater than 115°C, and 

(c) combining from 50 to 95 weight percent of the first homogeneous ethylene/alpha-olefin interpolymer with 
from 5 to 50 weight percent of the second homogeneous ethylene/alphaolefin interpolymer to form an ethyl- 
ene/alpha-olefin interpolymer product. 

3. The process of Claims 1 or 2 wherein the first activated constrained geometry catalyst composition comprises a 
titanium constrained geometry complex and an aluminoxane cocatalyst. 

4. The process of Claims 1 or 2 wherein the second activated constrained geometry catalyst composition comprises 
a zirconium constrained geometry complex and an aluminoxane cocatalyst. 

5. The process of Claims 1 or 2 wherein the second activated constrained geometry catalyst composition comprises 
a zirconocene constrained geometry complex and an aluminoxane cocatalyst. 

6. The process of Claim 2 wherein (a) and (b) are performed substantially simultaneously in a common reactor. 

7. The process of Claim 6 further comprising the steps of: 

(d) mixing the first and second catalyst compositions together to form a catalyst mixture, and 

(e) injecting the catalyst mixture into the common reactor. 

8. The process of Claim 2 wherein (a) and (b) are performed separately in at least two reactors. 

9. The process of Claim 8 wherein the two reactors comprise at least a first reactor and a second reactor and wherein 
the two reactors are operated in series. 

10. The process of Claim 8 wherein the two reactors are operated in parallel. 

11. The process of Claim 2 wherein the homogeneous ethylene/alpha-olefin interpolymer produced in step (a) has a 
melting point from 70°C to 110°C and wherein the homogeneous ethylene/alpha-olefin interpolymer produced in 
step (b) has a melting point from 1 1 5°C to 1 30°C. 

12. The process of Claim 2 wherein at least one of the alphaolefins is a C 2 -C 18 alpha-olefin. 

13. The process of Claim 1 2 wherein at least one of the alphaolefins is selected from the group consisting of ethylene, 
1-propene, isobutylene, 1-butene, 1-hexene, 4-methy!-1 -pentene, and 1-octene. 
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14. The process of Claim 13 wherein the first and the second ethylene/alphaolefin interpolymer each comprises a 
copolymer of ethylene and 1 -octene. 

1 5. The process of Claim 2 wherein either the first or the second activated constrained geometry catalyst compositions, 
or both, are chosen from constrained geometry catalyst components selected from the group consisting of titanium, 
vanadium, hafnium and zirconium. 

16. The interpolymer product of Claim 2 wherein the first homogeneous ethylene/alpha-olefin interpolymer and the 
second homogeneous ethylenelalpha-olefin interpolymer are combined in amounts effective to yield an interpol- 
ymer product having a crystallization onset temperature at least 5°C higher than the crystallization onset temper- 
ature of the interpolymer produced by the activated constrained geometry catalyst composition having the higher 
reactivity. 

17. The interpolymer product of Claim 2 wherein the first homogeneous ethylene/alpha-olefin interpolymer and the 
second homogeneous ethylene/alphaolefin interpolymer are combined in amounts effective to yield a crystalliza- 
tion onset temperature of at least 1 10°C. 

18. The interpolymer product of Claim 2 wherein the first and the second ethylene/alphaolefin interpolymer each 
comprises a copolymer of ethylene and 1 -octene. 

19. A fabricated article made from the interpolymer product of Claim 16. 

20. The fabricated article of Claim 19 selected from the group consisting of films, molded articles, and fibers. 



Patentanspruche 

1. Verfahren zur Herstellung eines Athylenpolymerproduktes, wobei: 

(a) ein erstes homogenes Athylenpolymer unter Verwendung einer ersten aktivierten Katalysatorzusammen- 
setzung erzwungener Geometrie mit einer ersten Reaktionsfahigkeit derart polymerisiert wird, daG das erste 
Polymer einen Schmelzindex von 0,05 bis 50 Gramm/10 Minuten aufweist, 

(b) mindestens ein zweites homogenes Athylenpolymer unter Verwendung einer zweiten aktivierten Kataly- 
satorzusammensetzung erzwungener Geometrie mit einer zweiten, von der ersten Reaktionsfahigkeit ver- 
schiedenen Reaktionsfahigkeit derart polymerisiert wird, daG das erste Polymer einen Schmelzindex von 0,05 
bis 50 Gramm/10 Minuten aufweist, und 

(c) 50 bis 95 Gewichtsprozent des ersten Athylenpolymers mit 5 bis 50 Gewichtsprozent des zweiten Athy- 
lenpolymers kombiniert wird, urn ein Athylenpolymerprodukt zu bilden. 

2. Verfahren zur Herstellung eines Athylen/alpha-olefin-interpolymerproduktes, wobei: 

(a) ein erstes homogenes Athylen/alpha-olef in- interpolymer unter Verwendung einer ersten aktivierten Kata- 
lysatorzusammensetzung erzwungener Geometrie mit einer ersten Reaktionsfahigkeit derart polymerisiert 
wird, daG das erste Interpolymer einen Comonomergehalt von 5 bis 30 Gewichtsprozent, einen Schmelzindex 
von 0,05 bis 50 Gramm/10 Minuten, einen Schmelzpunkt unter 110 °C aufweist, 

(b) mindestens ein zweites homogenes Athylen/alpha-olefin-interpolymer unter Verwendung einer zweiten 
aktivierten Katalysatorzusammensetzung erzwungener Geometrie mit einer zweiten, von der ersten Reakti- 
onsfahigkeit verschiedenen Reaktionsfahigkeit derart polymerisiert wird, daG das zweite Athylen/alphaolefin- 
interpolymer einen Comonomergehalt von 2 bis 10 Gewichtsprozent, einen Schmelzindex von 0,05 bis 50 
Gramm/10 Minuten, einen Schmelzpunkt uber 115 °C aufweist, und 

(c) 50 bis 95 Gewichtsprozent des ersten homogenen Athylen/alpha-olefin-interpolymers mit 5 bis 50 Ge- 
wichtsprozent des zweiten homogenen Athylen/alpha-olefin-interpolymers kombiniert wird, urn ein Athylen/al- 
pha-olefin-interpolymerprodukt zu bilden. 

3. Verfahren nach Anspruch 1 oder 2, wobei die erste aktivierte Katalysatorzusammensetzung erzwungener Geo- 
metrie einen Titan iumkomp lex erzwungener Geometrie und einen Aluminoxan-Cokatalysator enthalt. 

4. Verfahren nach Anspruch 1 oder 2, wobei die zweite aktivierte Katalysatorzusammensetzung erzwungener Geo- 
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metrie einen Zirkoniumkomplex erzwungener Geometrie und einen Aluminoxan-Cokatatysator enthalt. 

5. Verfahren nach Anspruch 1 oder 2, wobei die zweite aktivierte Katalysatorzusammensetzung erzwungener Geo- 
metrie einen Zirkonozenkomplex erzwungener Geometrie und einen Aluminoxan-Cokatatysator enthalt. 

5 

6. Verfahren nach Anspruch 2, wobei (a) und (b) im wesentlichen gleichzeitig in einem gemeinsamen Reaktor durch- 
gef uhrt werden. 

7. Verfahren nach Anspruch 6, wobei weiter: 

10 

(d) die erste und die zweite Katalysatorzusammensetzung miteinander vermischt werden, urn ein Katalysa- 
torgemisch zu bilden, und 

(e) das Katalysatorgemisch in den gemeinsamen Reaktor eingespritzt wird. 

15 8. Verfahren nach Anspruch 2, wobei (a) und (b) getrennt in mindestens zwei Reaktoren durchgefuhrt werden. 

9. Verfahren nach Anspruch 8, wobei die zwei Reaktoren mindestens einen ersten Reaktor und einen zweiten Reaktor 
enthalten und wobei die zwei Reaktoren in Reihe betatigt werden. 

20 10. Verfahren nach Anspruch 8, wobei die zwei Reaktoren parallel betatigt werden. 

11. Verfahren nach Anspruch 2, wobei das im Schritt (a) hergestellte homogene Athylen/alpha-olefin-interpolymer 
einen Schmelzpunkt von 70 bis 110 °C aufweist und wobei das im Schritt (b) hergestellte homogene Athylen/alpha- 
olefin-interpolymer einen Schmelzpunkt von 115 bis 130 °C aufweist. 

25 

12. Verfahren nach Anspruch 2, wobei mindestens eines der Alpha-Olefine ein C 2 -C 18 -Alpha-Olefin ist. 

1 3. Verfahren nach Anspruch 1 2, wobei mindestens eines der Alpha-Olefine aus der Gruppe, bestehend aus Athylen, 
1-Propylen, Isobutylen, 1-Butylene, 1-Hexen, 4-MethyM-penten und 1-Octen, selektiert wird. 

30 

14. Verfahren nach Anspruch 13, wobei das erste und das zweite Athylen/alpha-olefin-interpolymer je ein Copolymer 
des Athylens und 1-Octens enthalten. 

15. Verfahren nach Anspruch 2, wobei entweder die erste Oder die zweite aktivierte Katalysatorzusammensetzung 
35 erzwungener Geometrie, Oder beide, aus Katalysatorkomponenten erzwungener Geometrie ausgewahlt werden, 

die aus der Gruppe, bestehend aus Titan, Vanadium, Hafnium und Zirkonium, selektiert sind. 

16. Interpolymerprodukt nach Anspruch 2, wobei das erste homogene Athylen/alpha-olefin-interpolymer und das zwei- 
te homogene Athylen/alpha-olefin-interpolymer in Mengen kombiniert sind, die ein Interpolymerprodukt ergeben 

40 konnen, dessen Kristallisations-Anfangstemperatur mindestens 5 °C hoher ist als die Kristallisations-Anfangstem- 

peratur des Interpolymers, das durch die aktivierte Katalysatorzusammensetzung erzwungener Geometrie mit der 
hoheren Reaktionsfahigkeit hergestellt ist. 

17. Interpolymerprodukt nach Anspruch 2, wobei das erste homogene Athylen/alpha-olefin-interpolymer und das zwei- 
45 te homogene Athylen/alpha-olefin-interpolymer in Mengen kombiniert sind, die eine Kristallisations-Anfangstem- 

peraturvon mindestens 110 °C ergeben konnen. 

18. Interpolymerprodukt nach Anspruch 2, wobei das erste und das zweite Athylen/alpha-olefin-interpolymer je ein 
Copolymer des Athylens und 1 -Octens enthalten. 

50 

19. Erzeugter Gegenstand, hergestellt aus dem Interpolymerprodukt nach Anspruch 16. 

20. Erzeugter Gegenstand nach Anspruch 19, selektiert aus der Gruppe, bestehend aus Filmen, Formkorpern und 
Fasern. 

55 
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Rev ndications 

1. Un procede de preparation d'un polymere d'ethylene, comprenant les etapes de : 

(a) polymerisation d'un premier polymere homogene d'ethylene a I'aide d'un premier catalyseur active a geo- 
metrie forcee ayant une premiere reactivite telle que le premier polymere a un index de fusion de 0,05 a 50 
grammes/ 10 minutes, 

(b) polymerisation d'au moins un deuxieme polymere homogene d'ethylene a I'aide d'un deuxieme catalyseur 
active a geometrie forcee ayant une deuxieme reactivite, differente de la premiere reactivite, telle que le deuxie- 
me polymere a un index de fusion de 0,05 a 50 grammes/ 10 minutes, et 

(c) la combinaison de 50 a 90 pourcent en poids du premier polymere d'ethylene avec de 5 a 50 pourcent en 
poids du deuxieme polymere d'ethylene afin de former un polymere d'ethylene. 

2. Un procede de preparation d'un copolymere d'ethylene/alpha-olefine, comprenant les etapes de : 

(a) polymerisation d'un premier copolymere homogene d'ethylene/alpha-olefine a I'aide d'un premier cataly- 
seur active a geometrie forcee ayant une premiere reactivite telle que le premier copolymere contient de 5 a 
30 pourcent en poids de comonomere, possede un index de fusion de 0,05 a 50 grammes/ 10 minutes, un 
point de fusion inferieur a 110°C, 

(b) polymerisation d'au moins un deuxieme copolymere homogene d'ethylenelalpha-olefine a I'aide d'un 
deuxieme catalyseur active a geometrie forcee ayant une deuxieme reactivite, differente de la premiere reac- 
tivite, telle que le deuxieme copolymere contient de 2 a 10 pourcent en poids de comonomere, possede un 
index de fusion de 0,05 a 50 grammes/ 10 minutes, un point de fusion superieur a 115°C, et 

(c) la combinaison de 50 a 95 pourcent en poids du premier copolymere homogene d'ethylene/alpha-olefine 
avec de 5 a 50 pourcent en poids du deuxieme copolymere homogene d'ethylene/alpha-olefine afin de former 
un copolymere d'ethylene/alpha-olefine. 

3. Le procede des revendications 1 ou 2, dans lequel le premier catalyseur active a geometrie forcee comprend un 
complexe de titane a geometrie forcee et un cocatalyseur a base d'aluminoxane. 

4. Le procede des revendications 1 et 2, dans lequel le deuxieme catalyseur active a geometrie forcee comprend un 
complexe de zirconium a geometrie forcee et un cocatalyseur a base d'aluminoxane. 

5. Le procede des revendications 1 et 2, dans lequel le deuxieme catalyseur active a geometrie forcee comprend un 
complexe de zirconocene a geometrie forcee et un cocatalyseur a base d'aluminoxane. 

6. Le procede de la revendication 2, dans lequel on realise (a) et (b) pratiquement simultanement dans un reacteur 
commun. 

7. Le procede de la revendication 6, comprenant en plus les etapes de: 

(d) melange entre eux du premier et du deuxieme catalyseur afin de former un melange de catalyseurs, et 

(e) I'injectton du melange de catalyseurs dans le reacteur commun. 

8. Le procede de la revendication 2, dans lequel on realise (a) et (b) separement dans au moins deux reacteurs. 

9. Le procede de la revendication 8, dans lequel les deux reacteurs comprennent au moins un premier reacteur et 
un deuxieme reacteur et dans lequel les deux reacteurs sont branches en serie. 

10. Le procede de la revendication 8, dans lequel les deux reacteurs sont branches en parallele. 

11. Le procede de la revendication 2, dans lequel le copolymere homogene d'ethylene/alpha-olefine produit lors de 
I'etape (a) a un point de fusion de 70°C a 1 10°C et dans lequel le copolymere homogene d'ethylene/alpha-olefine 
produit lors de I'etape (b) a un point de fusion de 115°C a 130"C. 

12. Le procede de la revendication 2, dans lequel au moins une des alphaolefines est une olefine en C 2 -C 18 . 

13. Le procede de la revendication 12, dans lequel au moins une des alpha-olefines est selectionnee dans le groupe 
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constitue de I'ethyiene, du 1 -propane, de I'isobutyidne, du 1-butfcne, du 1-hexene, du 4-methyM -pentene et du 
1 -octene. 

14. Le proc6d6 de la revendication 13, dans lequel le premier et le deuxieme copolymers d*6thylene/alphao!6fine 
comprennent chacun un copolymere d'6thylene et de 1 -octene. 

15. Le proced6 de la revendication 2, dans lequel on choisit soit le premier, sort le deuxieme catalyseur a geom6trie 
forc6e, ou les deux, parmi les catalyseurs a g6ometrie forc6e s6lectionnes dans le groupe constitue du titane, du 
vanadium, du hafnium et du zirconium. 

16. Le copolymere de de la revendication 2, dans lequel on combine le premier copolymere homogene d'6thylene/al- 
pha-olefine et le deuxieme copolymere homogene d'ethyiene/alpha-oiefine en quantites efficaces pour obtenir un 
copolymere ayant une temperature de d6but de cristallisation d'au moins 5°C superieure a la temperature de debut 
de cristallisation du copolymere produit a I'aide du catalyseur active a g6om6trie forc6e ayant la reactivity la plus 
e levee. 

17. Le copolymere de de la revendication 2, dans lequel on combine le premier copolymere homogene d'ethytene/al- 
pha-ol6fine et le deuxieme copolymere homogene d'ethylene/alpha-otefine en quantites efficaces pour obtenir une 
temperature de debut de cristallisation d'au moins 110°C. 

18. Le copolymere de la revendication 2, dans lequel le premier et le deuxidme copolymers d'ethyiene/alphaoiefine 
comprennent chacun un copolymere d'ethyl6ne et de 1 -octene. 

19. Un article fabrique a partir du copolymere de la revendication 16. 

20. L'article fabrique de la revendication 19, s6lectionne dans le groupe constitue des films, des pieces mouiees et 
des fibres. 
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